October 2019, Vol. 19, No. 5 MANUFACTURING TECHNOLOGY ISSN 1213-2489

Observation of Phase Transformations in High-temperature Chamber under Microscope Ob-
jective Lens

Michal Pekovi¢!, Katefina Opatové!, Katefina RubeSova!, Tomas Janda', Hana Jirkova!, Radovan Bures?

"Faculty of Mechanical Engineering — Regional Technological Institute, University of West Bohemia,

Univerzitni 8, 306 14 Pilsen, Czech Republic

Institute of Materials Research, Slovak Academy of Science, Watsonova 47, 040 01 Kosice, Slovak Republic
E-mail: pekovicm @rti.zcu.cz, opatovak @rti.zcu.cz, krubesov @rti.zcu.cz, jandat@rti.zcu.cz, hstankov @rti.zcu.cz,
rbures @saske.sk

Today, extensive information on a particular material can be obtained from its chemical composition using various
computer programs. Such information includes phase transformation temperatures, such as Acl and Ac3 or the
Ms and Mf, as well as the entire austenite decomposition sequence, as shown in TTT and CCT diagrams. When
steel is heated, austenite grains begin to form, grow and eventually coarsen. On cooling, these grains decompose
into pearlite, ferrite, cementite and hardening phases. Transformations of this kind are well understood nowadays,
namely the ways the individual phases form and the rates and temperatures involved. Yet, in-situ visual recordings
of such transformations are relatively rare. Using the Linkam TS1400XY heating stage, which is capable to heat
samples up to 1400°C and is integrated in an optical microscope featuring objective lenses with modified working
distances, these phase transformations can be observed directly. This paper explores the potential of the heating
stage for studying various materials and their specific heat treatments. It also discusses the method of sample

preparation for use in the heating stage placed in an optical microscope.
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1 Introduction

Observation of phase transformations in steels can
provide a range of useful information for designing heat
treatment sequences. Using chemical composition data,
computer programs can calculate many characteristics of
a material. Phase transformation temperatures can be de-
termined and the TTT and CCT diagrams — which
describe austenite decomposition — can be constructed
[1]. A number of theoretical and other studies on phase
transformations are available which describe the conditi-
ons for formation of individual phases, transformation
mechanisms and the exothermic or endothermic nature of
the transformations. Unfortunately, there are not many vi-
sual recordings of the actual progress of phase transfor-
mations. Such recordings can be produced using the
TS1400XY heating stage from the Linkam company [2].

With the aid of this attachment, formation and growth

of austenite grains can be observed as the sample is brou-
ght to the austenitising temperature. The samples can be
heated to up to 1400°C at the maximum rate of 200°C/s.
Samples can also be observed during cooling, while de-
veloping various microstructural constituents, depending
on the cooling rate. The maximum cooling rate achie-
vable by the heating stage is 200°C/s. The heating and
cooling rates are input as parameters into simple thermal
profiles which can be defined using the heating stage’s
display or using computer software [1]. The software can
generate a temperature-time graph as a record of the ther-
mal profile. The heating stage is fitted with a Peltier cell
which provides cooling of important and heat-sensitive
components via a system of hoses. The chamber of the
heating stage can be filled with a protective gas: nitrogen
or argon (Fig. 1, right) [3].

Fig. 1 Microscope with an integrated heating stage (left), the chamber during heating to a high temperature (right)
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The heating stage can be placed onto the stage of a
microscope which features objective lenses with 10, 20%
and 50x magnifications (Fig. 1, left). All these objective
lenses have longer working distances which enables fo-
cusing onto the sample inside the heating stage chamber.
The chamber itself is provided with a miniature stage
which moves the sample in the X and Y directions even
during treatment [4].

The maximum size of samples is 5x5 mm and their
maximum possible thickness is 0.7 mm. For better-fo-
cused images, the surface to be observed should be pre-
pared as a metallographic section. Inside the chamber, the
sample is placed on a heat-resistant glass plate which is
moved by the XY miniature stage to the position for hea-
ting (Fig. 2). The sample can be cooled faster by rapid
withdrawal from the heating position, after which, howe-
ver, observation and recording are not possible any more

[S].

Fig. 2 Interior of the heating stage chamber with a
sample placed on a heat-resistant glass plate

2 Experiments

The purpose of these experiments was to explore the
capabilities of the heating stage at various heating and
cooling rates. An additional goal was to find the appro-
priate sample thickness and sample preparation methods
for this observation.

In these experiments, phase transformations in vari-
ous materials were studied (Tab. 1). The treatment ap-
plied to 42SiCr high-strength steel was the Q&P process.
CMnSi TRIP steel was intercritically annealed. In the
X210Cr12 tool steel, decomposition of austenite grains
produced by semi-solid processing was observed during
holds at various temperatures. Examples of temperature
profiles for these treatments are given in Fig. 3.
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Fig. 3 Diagram of heat treatment routes

Tab. 1 Chemical composition of the experimental steels [6]

C Si Mn Cr Mo Nb P S
42SiCr 0.42 2.03 0.56 133 0.16 0.03 0.005 0.003
CMnSi TRIP 021 1.797 1.449 0.008 0.02 0.03 0.008 0.005
X210Cr12 18205 | 02:045 | 02-045 | 11-12.5 - - max 0.03 0”6‘;"5

2.1 Sample preparation

The dimensions of samples for the heating stage were
chosen as 4x4 mm, with the thickness of 0.5 mm. For
ease and accuracy of focusing, emphasis was placed on
preparing the faces of samples as parallel planes. The first
preparation step was grinding in a grinder with a magnetic
table. It was followed by conventional metallographic
preparation comprising grinding and polishing.

The samples were prepared to three different conditi-
ons. The first one was obtained by polishing on a po-
lishing cloth using a suspension of 1 pm particles. The
second condition was produced by etching with 3% nital.
The last one resulted from final polishing using colloidal
silica.

2.2 Design of heat treatment sequences

Prior to the actual experimental treatment, several pre-
liminary sequences were performed in order to determine
temperatures and times for full austenitisation.

42SiCr high-strength steel was heat treated using the
Q&P process. The material was soaked at an austenitising

temperature and quenched below the martensite start tem-
perature. Then it was reheated above the quenching tem-
perature and held. Soaking temperatures of 950°C,
1050°C and 1100°C were used. The quenching tempera-
tures were 150°C, 200°C and 250°C and the partitioning
temperatures were 200°C, 250°C and 300°C.

The CMnSi TRIP steel was austenitised at 1050°C for
240 seconds and then intercritically annealed at 400°C,
425°C and 450°C for 600 seconds.

In the X210Cr12 tool steel, the decomposition of aus-
tenite grains was observed at several temperatures
between 500°C and 800°C with a step of 100°C and the
time at temperature of 30 minutes [7].

3 Results and discussion

Etching with nital proved to be the most suitable
sample preparation method from those proposed for ob-
serving the phase transformations. The etch has revealed
the initial microstructures of materials. The
microstructure then underwent changes during heating
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and cooling. In the specimens prepared by mere po-
lishing, microstructural changes during heating and coo-
ling were impossible to observe using a microscope. In
the specimens prepared by means of polishing with
colloidal silica, partly revealed grain boundaries could be
observed. [8]

After several experiments, it was found that the mate-
rial was oxidising quickly owing to high temperature. The
resulting oxide layer precluded observation of
microstructure and phase transformations. Hence, pro-
tective argon gas was introduced into the chamber in all
subsequent experiments to prevent oxidation. [9]

50 (m S50

Fig. 4 Initial microstructure of experimental materials: a) 42SiCr, b) CMnSi TRIP, c) X210Cr12

The initial microstructure of 42SiCr consisted of fer-
rite and pearlite (Fig. 4a). First, the austenitising tempe-
rature was determined as 1100°C. At this temperature,
distinct austenite grains formed. The holding time at this
temperature was set at 240 seconds. The micrograph of
this material after isothermal holding is shown in Fig. 5a.
After holding at the austenitising temperature, the sample
was cooled at 200°C/min. At 500°C, a growth of a phase,
probably Widmanstdtten ferrite/bainite, was observed

a) 1100°C/240s b) 500°C
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(Fig. 5b). In the next step, the material was cooled to the
quenching temperature, which in this case was 200°C.
Between 300°C and the quenching temperature, dramatic
microstructural changes occurred, possibly due to mar-
tensite transformation. After that, the material was held at
a partitioning temperature of 250°C (Fig. 5c). It was then
cooled to room temperature and no distinct changes were
found in the microstructure.

c) 250°C/180s

Austenite)

J

Martensite

Fig. 5 The 42SiCr steel in the course of heat treatment: a) end of soaking, b) cooling, 500°C, c) at the end of the partiti-
oning step

The CMnSi TRIP steel had an initial ferritic-pearlitic
microstructure (Fig. 4b). First, the appropriate austeniti-
sing temperature was sought by testing the temperatures
of 1000°C, 1050°C and 1100°C. Austenitising parame-
ters were then set at 1050°C and 180 seconds. At this tem-
perature, new distinct austenite grain boundaries and a
small amount of undissolved pearlite were visible (Fig.
6a). After austenitising, the sample was cooled at the ma-
ximum achievable rate to the isothermal holding tempe-
rature which, in the case of TRIP steels, is in the bainitic
transformation region. Here, it was 400°C. The time at
this temperature was 600 seconds. At the beginning of the
isothermal holding step, the microstructure was a mixture

of ferrite with small fractions of pearlite, retained auste-
nite and bainite (Fig. 6b). The retained austenite grains
were located on the boundaries of the ferrite grains and
between bainite laths. After the hold at bainitic transfor-
mation temperature had ended, martensite was formed.
Strings of small retained austenite grains remained visible
on prior austenite grain boundaries. The retained auste-
nite grains were also found between ferrite grains, some
of which were already transformed to the M-A constitu-
ent. Small amount of bainite was visible as well. The fi-
gure also illustrates the fact that despite the use of pro-
tective atmosphere, surface oxidation took place during
long holding times, obscuring the microstructure to some
extent (Fig. 6¢).
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Fig. 6 The CMnSi TRIP steel during heat treatment: a) end of the soaking step, b) start of isothermal holding, c) end of
isothermal holding at bainitic transformation temperature

The initial microstructure of X210Cr12 consisted of
polyhedral austenite grains embedded in a ledeburite
network (Fig. 4c). It formed after the material had been
heated to the semi-solid region and water-quenched. This
material was chosen for exploring the stability of metasta-
ble austenite grains and for studying their decomposition
during holding at various temperatures. The changes ob-
served during this heat treatment were less distinct than

b) 600°C/900s.

in the other materials. In fact, the only visible process was
a darkening of the ledeburite network (Fig. 7). Without
more detailed examination, it is impossible to determine
whether any changes actually took place in the
microstructure or whether a mere surface oxidation was
occurred.

Fig. 7 The X210Cr12 during heat treatment with various soaking times at 600°C

4 Conclusion

Using a TS1400XY heating stage, two experimental
high-strength steels, 42SiCr and CMnSi TRIP, and the
X210Cr12 tool steel were heat treated. Q&P processing
was applied to the 42SiCr steel. The CMnSi TRIP steel
was treated by intercritical annealing. Decomposition of
austenite grains was explored in the X210Cr12 tool steel.

In 428SiCr, growth of austenite grains was observed
during a 240-second hold at 1100°C. In the course of coo-
ling at the maximum rate of 200°C/min, nucleation of
pearlite at triple points was visible at approximately
600°C. Formation of Widmanstitten ferrite was docu-
mented on video recordings. Very distinct and rapid
microstructural changes were visible below 300°C. They
probably involved the growth of martensite needles.

Micrographs of the CMnSi TRIP steel taken at its aus-
tenitising temperature showed distinct austenite grain
boundaries and a small amount of remaining undissolved
pearlite. At the beginning of isothermal holding in the ba-
initic transformation region, the microstructure was a mi-
xture of austenite, martensite and a small amount of bai-
nite. After this hold had ended, a large volume of marten-
site formed. In addition, the material contained a small
volume of bainite and some grains of retained austenite.

Micrographs of X210Cr12 showed darkening of the
ledeburite network and microstructural changes in the in-
terior of austenite grains. One possible cause of this is
oxidation of the surface during long-time isothermal hol-
ding. This is why it was impossible to determine the exact
changes which were taking place in the material.

Using a heating stage integrated in a light microscope
enabled the behaviour of various materials to be observed
during heat treatment. It provided new findings which
help clarify the processes taking place in individual stages
of heat treatment.
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